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The present study tested whether neural sensitivity to salient emotional facial expressions was influenced by emotional expec-
tations induced by a cue that validly predicted the expression of a subsequently presented target face. Event-related potentials 
(ERPs) elicited by fearful and neutral faces were recorded while participants performed a gender discrimination task under 
cued (‘expected’) and uncued (‘unexpected’) conditions. The behavioral results revealed that accuracy was lower for fearful 
compared with neutral faces in the unexpected condition, while accuracy was similar for fearful and neutral faces in the ex-
pected condition. ERP data revealed increased amplitudes in the P2 component and 200–250 ms interval for unexpected fearful 
versus neutral faces. By contrast, ERP responses were similar for fearful and neutral faces in the expected condition. These 
findings indicate that human neural sensitivity to fearful faces is modulated by emotional expectations. Although the neural 
system is sensitive to unpredictable emotionally salient stimuli, sensitivity to salient stimuli is reduced when these stimuli are 
predictable. 
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Adaptive behavior requires the fast detection of salient 
events, and the generation of rapid responses to these events 
in changing environments [1,2]. In real-life situations, sali-
ent events are often emotionally relevant, and the occur-
rence of emotional events is unpredictable in many cases 
[3,4]. In addition, the valence of an emotional stimulus (i.e., 
whether it is positive or negative) is often processed in the 
absence of prior expectations [3,5–10]. A number of studies 
using images from the international affective picture system 
(IAPS) or emotional facial expressions have consistently 
reported that unpredictable salient stimuli are preferentially 
processed over predictable stimuli [3,11], possibly due to an 
evolutionary benefit of heightened sensitivity to unexpected 

danger. In addition, some recent ERP studies have demon-
strated that the human brain is particularly sensitive to the 
valence strength of negative stimuli, with greater neural 
reactions to intense versus mild negative stimuli when the 
occurrence of these stimuli is unpredictable [3,4,10].  

However, emotional events in real life settings are not 
always unpredictable [12–16]. In social interactions, indi-
viduals often anticipate others’ emotional reactions using a 
range of cues including voices, postures, and faces [17,18]. 
Unpredictable emotional events are likely to be more bio-
logically important than predictable events, since cognitive 
resources devoted to processing such events cannot be mo-
bilized beforehand. Consequently, unpredictable events 
would be expected to elicit greater neural responses than 
predictable events [15]. For example, detecting a snake 
creeping through the grass would be expected to trigger a 
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more intense emotional response than watching a sign-
posted snake exhibition in the zoo. In the former example, 
the emotional event is unpredictable, and corresponding 
intense emotional reactions would be expected. By contrast, 
the processing of emotional events in the latter situation 
would benefit from cue-based expectations, resulting in 
prior mobilization of coping strategies, which would be 
expected to reduce the consequent emotional reaction. Us-
ing magnetoencephalography (MEG), Onoda et al. [15] 
observed that visually evoked magnetic brain responses to 
emotionally salient scenes were modulated by anticipation, 
with predictable negative images eliciting smaller visual 
evoked field responses compared with unpredictable im-
ages. 

In real-life settings, facial expressions constitute a class 
of salient stimuli that convey important nonverbal informa-
tion to other species members. In humans, these expressions 
are immediate indicators of affective disposition [1,19,20]. 
For instance, one may anticipate whether a person is likely 
to be aggressive based on their facial expression. Fearful 
facial expressions, which may indicate the presence of dan-
ger in the surrounding environment, would be expected to 
be of particular biological importance because the fast de-
tection of fearful expressions in species members can be 
beneficial to survival [21,22]. Consequently, the brain ap-
pears to be particularly sensitive to fearful facial expres-
sions [23,24]. In accord with this notion, a number of ERP 
studies have consistently revealed that fearful expressions 
elicit P1 and face-sensitive N170 components of a greater 
amplitude than positive or neutral facial expressions, re-
gardless of the specific experimental paradigm used 
[25–30].  

Although ERP techniques have a high temporal resolu-
tion, to date no studies have used ERPs to examine the ef-
fect of expectation on neural sensitivity to fearful facial 
expressions, and the temporal features of the underlying 
electrophysiological activity. Based on the evidence dis-
cussed above [15,23], we hypothesized that neural sensitiv-
ity to fearful facial expressions might vary as a function of 
emotional expectation. Specifically, in accord with prior 
studies in which emotional stimulus presentation was un-
predictable, we predicted that unpredictable fearful faces 
would evoke enhanced reactions in specific ERP compo-
nents compared with unpredictable neutral faces [6,7,31–33]. 
By contrast, we predicted that heightened emotional re-
sponses to fearful faces would be reduced, or even absent, 
when the emotional content was predictable. This effect 
would be manifested by similar ERPs being elicited by 
fearful and neutral faces in the expected condition.  

The present study employed a modified cueing paradigm 
in which the valence of a cue image validly indicated the 
emotional expression of the subsequent face. Therefore, in 
the ‘expected’ condition, participants would be expected to 
form a clear expectation about the emotional content of an 
upcoming face upon the presentation of a cue image 

[14,15,34–37]. By contrast, in the ‘unexpected’ condition, 
emotional faces were preceded by a fixation cross instead of 
a cue picture. To avoid task-relevant effects that may have 
obscured the electrophysiological effects of emotion proc-
essing [7], this study used an implicit emotional task that 
did not require participants to evaluate the emotional ex-
pressions of the target faces. Instead, participants were in-
structed to discriminate the gender of faces, irrespective of 
their emotional salience, to allow emotional responses in the 
laboratory to more closely resemble those in natural settings 
[3,18,38]. 

1  Materials and methods 

1.1  Participants 

14 undergraduate students (seven males) with a mean age of 
20 years participated in the experiment as paid volunteers. 
All participants were healthy, right handed, reported normal 
or corrected to normal vision, and had no history of affec-
tive disorders. All participants gave written informed con-
sent before taking part in the experiment. The experimental 
procedure was in accord with the ethical principles of the 
1964 Declaration of Helsinki [39]. 

1.2  Materials 

Face stimuli consisted of 16 face photographs (four females 
and four males displaying fearful or neutral expressions) 
taken from the Facial Expression of Emotion: Stimuli and 
Tests (FEEST) set [40]. Each photograph depicted a single 
face, with the hair and other non-facial features removed. In 
total, 32 emotional pictures (16 fearful pictures, 16 neutral 
pictures) were selected from the Chinese Affective Picture 
System (CAPS) to serve as pre-face cues, the valence of 
which validly predicted the emotional content of the subse-
quently presented facial expression [41]. 

The fearful cue pictures used in the experiment were 
taken from a set of 135 pictures and were validated by an-
other group of participants (N=49). These participants were 
recruited to rate the degree of fear shown by each face using 
a 3-point scale (1=neutral, 3=highly fearful). The 16 fearful 
faces were consistently rated by all participants as highly 
fearful (i.e., scored as a “3”). The paired neutral cue pictures 
were selected in such a way that the fearful and neutral pic-
ture sets differed significantly in valence (mean: fearful 
cues=2.12, neutral cues=5.24; F(1, 30)=225.539, P<0.001) 
but were matched in arousal (mean: fearful cues=6.10, neu-
tral cues=5.92; F(1, 30)=1.235, P=0.275). 

1.3  Procedure 

Cueing status (cued or uncued) and emotion (fearful or neu-
tral) were the two manipulated variables in this experiment. 
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Therefore, there were four conditions in the experiment: 
neutral cued-neutral, fearful cued-fearful, uncued-neutral, 
and uncued-fearful faces. The experiment consisted of four 
blocks, with each block including 64 trials equally distrib-
uted into four conditions. In other words, each block con-
tained 16 trials for each condition. The onset sequence of 
the four conditions was randomized across trials. Prior to 
the experiment, 20 practice trials were used to familiarize 
participants with the experimental procedure. Participants 
were seated in a quiet room at approximately 150 cm from a 
computer screen, with the horizontal and vertical visual 
angles below 6°. Prior to the experiment, participants were 
instructed to determine the gender of the faces that were 
presented. They were told that the faces would sometimes 
be preceded by contextual images that were semantically 
related to facial expressions. Each trial was initiated by a 
500 ms presentation of a small black fixation cross on the 
white computer screen. A white blank screen of a random 
duration between 500 and 1000 ms was followed by the 
presentation of either a cue image or the fixation cross (i.e., 
no cue) for 500 ms. Participants were instructed to passively 
view the cue pictures or the cross. The cue image or cross 
was then replaced by a variable 500–1000 ms blank screen, 
which was then followed by a face stimulus for 500 ms. The 
gender of the face stimuli was balanced in both the cued and 
uncued conditions. Half of the participants were instructed 
to press the “F” key on the keyboard as accurately and 
quickly as possible with their left index finger for male 
faces, and to press the “J” key with their right index finger 
for female faces. These responses were reversed for the 
other half of the participants. After the EEG recording, a 
post-experiment debriefing session was conducted, in which 
participants reported their feelings about stimulus features 
and their performance in the task. 

1.4  ERP recording and analysis 

EEG was recorded from 64 scalp sites using tin electrodes 
mounted in an elastic cap (Brain Products), with an average 
reference on the left and right mastoids and a ground elec-
trode on the medial frontal aspect. The vertical electroocu-
logram (EOG) was recorded supra- and infra-orbitally at the 
left eye. The horizontal EOG was recorded from the left 
versus right orbital rim. The EEG and EOG were amplified 
using a DC-100 Hz bandpass, and continuously sampled at 
500 Hz/channel. Each inter-electrode impedance was main-
tained below 5 kΩ. Averaging of ERPs was performed 
off-line. Trials containing EOG artifacts (mean EOG volt-
age exceeding±80 μV) and those contaminated with arti-
facts due to amplifier clipping or peak-to-peak deflection 
exceeding±80 μV were excluded from averaging. 

The EEG activity associated with correct responses in 
each condition was averaged separately. Thus, four types of 
ERPs, composed of each combination of cueing status (cued 
vs. uncued) and emotion (fearful vs. neutral), were obtained 

(i.e., neutral cue and neutral faces, fearful cue and fearful 
faces, no cue and neutral faces, no cue and fearful faces). To 
test whether cue-induced emotional effects (i.e., participants 
expected the emotions of subsequent faces) were significant, 
the ERP waveforms were first time-locked to the onset of 
cue pictures. The average epoch was 800 ms, including a 
200 ms pre-stimulus baseline (Figure 1). An enhanced 
negativity was induced by fearful relative to neutral cues 
across frontal sites, which began at about 200 ms and ended 
at about 600 ms post stimulus. Thus, the following nine 
centro-frontal sites: Fp1, Fp2, Af3, Af4, Fz, FC3, FC4, FCz 
and Cz, were selected to analyze cue-induced emotional 
effects. A repeated measures analysis of variance (ANOVA) 
was conducted on the averaged amplitudes during 250–350 
ms, 350–450 ms, and 450–550 ms intervals, with emotion 
(fearful or neutral) and nine electrode sites as repeated fac-
tors. 

Subsequently, the ERP waveforms were time-locked to 
the onset of face stimuli. The average epoch was 1200 ms, 
including a 200 ms pre-stimulus baseline. As shown in Fig-
ure 2, face images, irrespective of emotion and cueing status, 
induced a prominent face-sensitive P2 (vertex positive po-
tential, VPP) component. Additionally, all facial expres-
sions elicited an early N1 (80−130 ms) component and later 
N200 (200–350 ms) activity. Thus, the following 12 elec-
trode sites were selected for statistical analysis: Fz, FCz, 
FC3, FC4, Cz, C1, C2, C3, C4, CP1, CP2 and Pz. The am-
plitudes (baseline to peak) and peak latencies of the N1 
(80–110 ms) and the P2 (130–180 ms) components were 
measured and analyzed with cueing status (cued or uncued), 
emotion (fearful or neutral) and 12 electrode sites as factors. 
In addition, the averaged amplitudes for facial expressions 
during the 200–350 ms interval, in which pronounced dif-
ferences across the four conditions were displayed, were 
measured accordingly. A repeated measures ANOVA was 
conducted for the averaged amplitudes at 200–250 ms, 
250–300 ms, and 300–350 ms intervals, respectively. The 
degrees of freedom of the F-ratio were corrected using the 
Greenhouse-Geisser method. 

2  Results 

2.1  Behavioral data 

Only trials with correct responses and a reaction time (RT) 
under 1000 ms were included in the analyses. Mean RTs 
and accuracy are shown in Table 1. The two-way repeated 
measures ANOVA of RT with cueing status (cued or un-
cued) and emotion (fearful or neutral) as factors did not 
demonstrate a significant main effect of cueing status (F(1, 
13)=1.22, P=0.29) or emotion (F(1, 13)=0.98, P=0.34), or a 
significant interaction between cueing status and emotion 
(F(1, 13)=0.14, P=0.72). However, an analysis of accuracy 
revealed a significant interaction between cueing status and  
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Figure 1  A and B, Averaged ERPs elicited by fearful (dashed lines) and neutral (solid lines) cue pictures at AF3 and AF4. C, Fearful-neutral difference 
ERPs at AF3. D, Topographical distribution of the difference ERPs at 250–350 ms and 350–500 ms post pictures. 

emotion (F(1, 13)=6.12, P<0.05). Further analysis of this 
interaction effect demonstrated that the accuracy rate of 
gender discrimination was not significantly different be-
tween fearful and neutral faces in the cued condition 
(P>0.1), but was significantly lower for fearful than for 
neutral faces in the uncued condition (P<0.01). This sug-
gests that the salient emotional content of unexpected fear-
ful faces may have distracted participants’ attention from 
the task. However, the distracting effect that arose from 
negative bias [5–7] was attenuated when the appearance of 
fearful faces was predictable. 

2.2  ERP data 

2.2.1  Effect of cue emotion 

As shown in Figure 1, fearful cues elicited larger negative 
deflections than neutral cues over frontal-central recording 
sites during the 250–600 ms interval. A two-way repeated 
measures ANOVA conducted on the averaged amplitudes 
revealed a significant effect of emotion during the 250–350 
ms (F(1, 13)=5.73, P<0.05), 350–450 ms (F(1, 13)=12.03, 
P<0.01), and 450–550 ms (F(1, 13)=4.70, P<0.05) intervals. 
However, the effect of emotion on amplitude was not sig-
nificant in the 550–600 ms interval (F(1, 13)=3.31, P>0.05). 
Thus, fearful cues elicited a clear effect of emotion during 
the 250–550 ms interval. Participants were thus able to pre-
dict the presentation of fearful expressions from the detec-
tion of fearful cues. Consistent with these observations, par-

ticipants reported in the interview session that some of the 
cue pictures were fearful and emotionally unpleasant, and 
that these pictures consistently preceded the presentation of 
fearful faces.  

2.2.2  Effect of expectation on the neural sensitivity to 
fearful faces 

The analyses of N1 amplitudes showed no significant main 
or interaction effects. The analysis of N1 latencies did not 
reveal any cue and emotion interaction effect, but did reveal 
a significant main effect of cue (F(1, 13)=9.89, P<0.05) and 
emotion (F(1, 13)=8.48, P<0.05). Cued faces ((95±2.01) ms) 
elicited longer N1 latencies than non-cued faces ((91±1.82) 
ms) and peak latencies were shorter for fearful ((92±1.87) 
ms) than for neutral ((94±1.91) ms) faces. Thus, neither the 
N1 amplitude or latencies revealed a significant interaction 
between emotion and cue, suggesting that the effect of ex-
pectation on neural sensitivity to fearful faces may occur at 
a later point in processing. 

The ANOVA examining P2 amplitude revealed a sig-
nificant main effect of cueing status (F(1, 13)=27.63, P< 
0.001). P2 amplitude was larger for uncued ((16.02±1.23) 
µV) than for cued ((12.69±1.17) µV) faces, irrespective of 
face emotion. Moreover, the main effect of emotion and the 
interaction between emotion and cueing status were both 
significant (F(1, 13)=5.34, P<0.05; F(1, 13)=5.40, P<0.05). 
The further analysis of the emotion and cueing status inter-
action effect revealed increased amplitudes for fearful  
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Figure 2  Averaged ERPs elicited by cue-free neutral (thin solid lines) and fearful (thin dashed lines) faces, and by cued neutral (bold solid lines) and fear-
ful (bold dashed lines) faces at frontal (Fz), frontocentral (FC3, FCz and FC4), central (C3, Cz and C4) and posterior-parietal (CP1, CP2, and Pz) sites. 

Table 1  Mean reaction times and accuracy rates for fearful and neutral 
facial expressions under cue and no cue conditions (mean±SE) 

Reaction time (ms) Accuracy rate (%) 
 

Fearful Neutral 
 

Fearful Neutral 
Cue condition 
(‘expected’) 

568±16 563±14  94±1.4 94±1.3 

No cue condition 
(‘unexpected’) 

577±17 572±18  92±1.7 96±1.2 

 
((16.79±1.31) μV) compared with neutral faces ((15.24± 
1.19) μV) during the uncued condition (F=13.23, P<0.01). 
By contrast, the amplitude differences between fearful 
((12.86±1.29) μV) and neutral faces ((12.51±1.10) μV) 
were not significant in the cued condition (F=0.41, P>0.05). 
The analysis of P2 latency revealed no significant main or 

interaction effects. 
The averaged amplitudes for the 200–350 ms interval 

were separately analyzed in 200–250, 250–300 and 300–     
350 ms intervals. The repeated measures ANOVA in these 
intervals revealed a significant main effect of cueing status 
at each of the three intervals (F(1, 13)=14.98, P<0.05; F(1, 
13)=9.35, P<0.01; F(1, 13)=5.54, P<0.05). Moreover, the 
interaction effect between cueing status and emotion was 
only significant at the 200–250 ms interval (F(1, 13)=6.04, 
P<0.05). Further analyses of the interaction effect revealed 
significant differences between fearful ((7.99±1.09) µV) and 
neutral ((7.00±0.96) μV) facial expressions during the un-
cued condition (F=6.28, P<0.05). Conversely, the amplitude 
differences between fearful ((4.48±0.56) μV) and neutral 



1366 Yang JieMin, et al.   Sci China Life Sci   November (2010) Vol.53 No.11 

 

((5.10±0.65) μV) faces were not significant under the cued 
condition (F=2.363, P>0.05). Therefore, the present study 
revealed clear emotional responses to unexpected fearful 
faces. However, emotional reactions were attenuated when 
the appearance of fearful faces was expected (Figure 3). 

3  Discussion 

The present study used ERP measures to investigate the 
influence of expectation on neural sensitivity to fearful fa-
cial expressions. Images with an emotional valence that 
predicted the emotional expressions of subsequently pre-
sented faces were used as cues. An uncued condition was 
used as a baseline, so that the effect of expectation could be 
analyzed. In accord with our hypothesis, we observed an 
effect of expectation on neural sensitivity to fearful facial 
expressions. The behavioral data revealed a significant in-
terference effect of fearful emotional expression in the un-
cued condition, such that performance in a gender discrimi-
nation task was significantly lower for unpredictable fearful 
expressions compared with unpredictable neutral expres-
sions. In accord with the notion that negative bias leads to 
the preferential processing of unpleasant emotional stimuli 
[21−24], our results suggest that the emotional salience of 
unexpected fearful faces engaged participants’ attention 
automatically, resulting in a reduction in the amount of cen-
tral processing resources available for task-relevant proc-
essing and ultimately impairing performance in the gender 
discrimination task. By contrast, no such interference effect 
was apparent when the presentation of fearful facial expres-
sions was predictable. A similar accuracy rate of gender 
discrimination was observed for both fearful and neutral  

faces during the cued condition. These behavioral observa-
tions were supported by the ERP data, which revealed simi-
lar neural activity in response to fearful and neutral facial 
expressions in the cued condition (Figure 2). By contrast, 
stronger neural responses were observed in response to un-
expected fearful faces within the P2 and 200–250 ms inter-
vals in the uncued condition.  

In the present study, fearful cues elicited increased nega-
tive deflections compared with neutral cues during an in-
terval 250–550 ms after the onset of the cue image. This 
suggests that fearful cues, consistent with the fear ratings 
we obtained (see Materials and methods), induced pro-
nounced emotional reactions relative to neutral cue pictures. 
Because fearful cue pictures were always followed by the 
onset of fearful faces and neutral cues were always followed 
by neutral faces, participants could learn that fearful faces 
would be presented immediately following presentation of a 
fearful cue picture. In fact, participants reported after the 
experiment that the onset of neutral cue pictures indicated 
the follow-up presentation of neutral facial expressions, and 
fearful cue pictures consistently preceded the presentation 
of fearful faces. Therefore, the onset of fearful faces and 
that of neutral faces were both predictable in the cued con-
dition because the valence of cues indicated the emotional 
expression of the subsequent faces.  

When participants expected the expression of the face 
stimulus (in the cued condition), they did not react more 
intensely to fearful faces than to neutral faces at P2 and 
200–250 ms intervals. Previous ERP studies have consis-
tently reported a face-sensitive VPP at 120–220 ms post 
stimulus, with the largest amplitude at central sites when 
mastoid or earlobe references were used [42–44]. Thus, the 
P2 elicited by faces in the current study, for which the larg- 

 

 

Figure 3  Fearful face/neutral face difference ERPs at Cz (A and C) and their topographical maps (B and D). A and B, difference ERPs and their topog-
raphical maps under the uncued (‘unexpected’) condition. C and D, difference ERPs and their topographical maps under the cued (‘expected’) condition. 
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est amplitude was recorded over the central areas (Figure 2), 
had a peak latency and morphology similar to the classic 
VPP component archetype. A number of studies have dem-
onstrated larger amplitudes for fearful compared with neu-
tral faces in the VPP and later components [3,7,30,46,47]. 
Therefore, the absence of an effect of emotion on VPP am-
plitudes in the cued condition is distinct from, but not in-
consistent with, the previous observations of numerous fa-
cial emotion studies where fearful facial expressions were 
presented in an unpredictable manner [30,45,46].  

In real-life settings, prior awareness of upcoming salient 
events can facilitate an individual’s mobilization of cogni-
tive resources and behavioral measures. As a result of 
preparation, the individual may cope better with potential 
danger. Accordingly, the strength of their emotional reactions 
is reduced when they are in a prepared state [15]. Thus, it 
may not be surprising that we found similar neural re-
sponses to fearful and neural faces during the cued condi-
tion. On the other hand, consistent with previous observa-
tions [30,45,46] we found that neural responses to unpre-
dictable fearful faces were more pronounced than responses 
to unpredictable neutral faces. This finding may be related 
to the evolutionary importance of devoting attention to un-
expected salient events [4].  

Our behavioral and ERP data both revealed an effect of 
expectation on human sensitivity to fearful facial expres-
sions, with emotional responses to fearful faces more pro-
nounced in unpredictable compared with predictable condi-
tions. These findings were supported by evidence from ex-
pectation-related studies of outcome evaluation [12,13,16, 
47]. For instance, a recent study addressing the interaction 
between expectation and feedback processing reported lar-
ger amplitudes of feedback-related negativity (FRN)––a 
negative ERP deflection elicited by monetary loss––when 
the negative outcome was unpredictable compared with 
when the feedback was predictable [12,13]. Moreover, FRN 
amplitude was found to vary depending on the valence of 
the unpredictable outcome, whereas this effect was smaller 
when feedback was predictable [12].  

In addition, the present study revealed significant main 
effects of cueing status and emotion on N1 latencies. Peak 
latencies of N1 were shorter for fearful versus neutral faces, 
irrespective of cueing status. This suggests that fearful faces, 
because of their biological importance, elicited faster visual 
attentional processing compared with neutral faces [3,7]. 
Moreover, N1 latencies were longer for cued than for un-
cued faces (Figure 2). On the other hand, the detection of 
cue valence, and the subsequent expectation and confirming 
emotions of facial expressions were all task-irrelevant 
processes that may have interfered with gender identity 
processing in the cued condition. Conversely, the central 
processing of gender was less affected, and participants 
allocated more resources for task performance during the 
uncued condition. This may explain the longer latencies of 
N1 in the cued versus uncued conditions, irrespective of 

facial emotion. In line with this interpretation, neural re-
sponses to facial expressions were larger during the uncued 
condition across P2 and 200–350 ms intervals (Figure 2), in 
the absence of cognitive control over task-irrelevant proc-
esses, in accord with previous reports [3,48,49].  

4  Conclusion 

The present study revealed that human sensitivity to fearful 
faces depended on emotional expectation. Thus, although 
humans are sensitive to unpredictable fearful stimuli, sensi-
tivity to fearful stimuli can be decreased by emotional ex-
pectation. 

We thank Luo YueJia et al. for developing and providing the standardized 
native CAPS used in our work, and Meng XianXin and Chen QingFei for 
their assistance with EEG recording and analysis. This work was sup-
ported by the National Natural Science Foundation of China (Grant No. 
30770727) and the Fundamental Research Funds for the Central Universi-
ties (Grant No. XDJK2009B038). 

1 Darwin C. The Expression of the Emotions in Man and Animal. New 
York: Oxford Press, 1998 

2 Damasio A R. The Feeling of What Happens: Body and Emotion in 
the Making of Consciousness. New York: Harcout Brace Press, 1999 

3 Yuan J J, Zhang Q L, Chen A T, et al. Are we sensitive to valence 
differences in emotionally negative stimuli? Electrophysiological 
evidence from an ERP study. Neuropsychologia, 2007, 45: 2764– 
2771 

4 Yuan J J, Yang J M, Meng X X, et al. The valence strength of nega-
tive stimuli modulates visual novelty processing: electrophysiological 
evidence from an event-related potential study. Neuroscience, 2008, 
157: 524–531 

5 Ito T A, Larsen J T, Smith N K, et al. Negative information weighs 
more heavily on the brain: The negativity bias in evaluative categori-
zations. J Pers Soci Psychol, 1998, 75: 887–900 

6 Carreti’e L, Iglesias J, Garacia T, et al. N300, P300 and the emo-
tional processing of visual stimuli. Electroencephalogr and Clin 
Neurophysiol, 1996, 103: 298–303 

7 Carreti’e L, Mercado F, Tapia M, et al. Emotion, attention, and the 
‘negativity bias’, studied through event-related potentials. Int J Psy-
chophysiol, 2001, 41: 75–85 

8 Campanella S, Gaspard C, Debatisse D, et al. Discrimination of emo-
tional facial expressions in a visual oddball task: an ERP study. Biol 
psychol, 2002, 59: 171–186 

9 Campanella S, Rossignol M, Mejias S, et al. Human gender differ-
ences in an emotional visual oddball task: an event-related potentials 
study. Neurosci Lett, 2004, 367: 14–18 

10 Yuan J J, Li H, Chen A T, et al. Neural correlates underlying hu-
mans’ differential sensitivity to emotionally negative stimuli of vary-
ing valences: an ERP study. Prog natural Sci, 2007, 17: 115–121 

11 Schupp H T, Öhman A, Junghöfer M, et al. The facilitated processing 
of threatening faces: an ERP analysis. Emotion, 2004, 4: 189–200 

12 Holroyd C B, Nieuwenhuis S, Yeung N, et al. Errors in reward pre-
diction are reflected in the event-related brain potential. NeuroReport, 
2003, 14: 2481–2484 

13 Holroyd C B, Krigolson O E. Reward prediction error signals associ-
ated with a modified time estimation task. Psychophysiology, 2007, 
44: 913–917 

14 Herwig U, Abler B, Walter H, et al. Expecting unpleasant stimuli-An 
fMRI study. Psychiat Res: NeuroImaging, 2007, 154: 1–12 

15 Onoda K, Okamoto Y, Shishida K, et al. Anticipation of affective 



1368 Yang JieMin, et al.   Sci China Life Sci   November (2010) Vol.53 No.11 

 

image modulates visual evoked magnetic fields (VEF). Exp Brain 
Res, 2006, 175: 536–543 

16 Ploghaus A, Tracey I, Gati J S, et al. Dissociating pain from its an-
ticipation in the human brain. Science, 1999, 284: 1979–1981 

17 Hall J A. Gender effects in decoding nonverbal cues. Psychol Bull, 
1978, 85: 845–857 

18 Li H, Yuan J J, Lin C D. The neural mechanism underlying the fe-
male advantage in identifying negative emotions: an event-related 
potential study. NeuroImage, 2008, 40: 1921–1929 

19 Eimer M, Holmes A. Event-related brain potential correlates of emo-
tional face processing. Neuropsychologia, 2007, 45: 15–31 

20 Ekman P, Friesen W V, Ellsworth P. Emotion in the Human Face. 
New York: Pergamon Press, 1972 

21 LeDoux J E. Emotion circuits in the brain. Annu Rev Neurosci, 2000, 
23: 155–184 

22 Öhman A. Face the beast and fear the face: animal and social fears as 
prototypes for evolutionary analyses of emotion. Psychophysiology, 
1986, 23: 123–145 

23 Morris J S, Frith C D, Perrett D I, et al. A differential neural response 
in the human amygdala to fearful and happy facial expressions. Na-
ture, 1996, 383: 815–816 

24 Anderson A K, Christoff K, Panitz D, et al. Neural correlates of the 
automatic processing of threat facial signals. J Neurosci, 2003, 23: 
5627–5633 

25 Smith N K, Cacioppo J T, Larsen J T, et al. May I have your atten-
tion please: electrocortical responses to positive and negative stimuli. 
Neuropsychologia, 2003, 41: 171–183 

26 Leppänen J M, Hietanen J K, Koskinen K. Differential early ERPs to 
fearful versus neutral facial expressions: a response to the salience of 
the eyes? Biol psychol, 2008, 78: 150–158 

27 Batty M, Taylor M J. Early processing of six basic facial emotional 
expressions. Cognitive Brain Res, 2003, 17: 613–620 

28 Pourtois G, Dan E S, Grandjean D, et al. Enhanced extrastriate visual 
response to bandpass spatial frequency filtered fearful faces: time 
course and topographic evoked-potentials mapping. Hum Brain Mapp, 
2005, 26: 65–79 

29 Stekelenburg J J, de Gelder B. The neural correlates of perceiving 
human bodies: an ERP study on the body-inversion effect. NeuroRe-
port, 2004, 15: 777–780 

30 Williams L M, Kemp A H, Felmingham K, et al. Neural biases to 
covert and overt signals of fear: dissociation by trait anxiety and de-
pression. J Cognitive Neurosci, 2007, 19: 1595–1608 

31 Delplanque S, Lavoie M E, Hot P, et al. Modulation of cognitive 
processing by emotional valence studied through event-related poten-
tials in humans. Neurosci Lett, 2004, 356: 1–4 

32 Delplanque S, Silvert L, Hot P, et al. Event-related P3a and P3b in 
response to unpredictable emotional stimuli. Biol Psychol, 2005, 68: 
107–120 

33 Huang Y X, Luo Y J. Temporal course of emotional negativity bias: 

an ERP study. Neurosci Lett, 2006, 398: 91–96 
34 Abler B, Erk S, Herwig U, et al. Anticiptation of aversive stimuli ac-

tivates extended amygdale in unipolar depression. J Psychiat Res, 
2007, 1: 511–522 

35 Nitschke J B, Sarinopoulos I, Mackiewicz K L, et al. Functional 
neuroanatomy of aversion and its anticipation. NeuroImage, 2006, 29: 
106–116 

36 Bermpohl F, Pascual-Leone A, Amedi A, et al. Dissociable networks 
for the expectancy and perception of emotional stimuli in the human 
brain. Neuroimage, 2006, 30: 588–600 

37 Perchet C, Revol O, Fourneret P, et al. Attention shifts and anticipa-
tory mechanismsin hyperactive children: an ERP study using the 
posner paradigm. Society of Biological Psychiatry, 2001, 50: 44–57 

38 Yuan J J, Luo Y J, Yan J H, et al. Neural correlates of the females’ 
susceptibility to negative emotions: an insight into gender-related 
prevalence of affective disturbances. Hum Brain Mapp, 2009, 30: 
3676–3686 

39 World Medical Organization. Declaration of Helsinki (1964). Br Med 
J, 1996, 313: 1448–1449 

40 Young A, Perrett D, Calder A, et al. Facial Expressions of Emotion: 
Stimuli and Tests (FEEST). Suffolk: Thames Valley Test Company, 
2002 

41 Bai L, Ma H, Huang Y X, et al. The development of native Chinese 
affective picture system––a pretest in 46 college students (in Chi-
nese). Chin Men Heal J (in Chinese), 2005, 19: 11 

42 Joyce C, Rossion B. The face-sensitive N170 and VPP components 
manifest the same brain processes: the effect of reference electrode 
site. Clin Neurophysiol, 2005, 116: 2613–2631 

43 Marzi T, Viggiano M P. Interplay between familiarity and orientation 
in face processing: an ERP study. Int J Psychophysiol, 2007, 65: 
182–192 

44 Letourneau S M, Mitchell T V. Behavioral and ERP measures of ho-
listic face processing in a composite task. Brain and Cognition, 2008, 
67: 234–245 

45 Williams L M, Palmer D, Liddell B J, et al. The “when” and “where” 
of perceiving signals of threat versus non-threat. NeuroImage, 2006, 
31: 458–467 

46 Leppänen J M, Moulson M C, Vogel-Farley V K, et al. An ERP 
study of emotional face processing in the adult and infant brain. Child 
Dev, 2007, 78: 232–245 

47 Porro C A, Cettolo V, Francescato M P, et al. Functional activity 
mapping of the mesial hemispheric wall during anticipation of pain. 
NeuroImage, 2003, 19: 1738–1747 

48 Chen A T, Xu P, Wang Q H, et al. The timing of cognitive control in 
partially incongruent categorization. Hum Brain Mapp, 2008, 29: 
1028–1039 

49 Goldstein A K, Spencer M, Donchin E. The influence of stimulus de-
viance and novelty on the P300 and Novelty P3. Psychophysiology, 
2002, 39: 781–790 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


